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CHAPTER I

INTRODUCTION

Many Tertiary floras from the western United States have been
reported, but few are located in the Rocky Mountain region.

Most of the

floras described have been from the basin-range province to the west,
which had relatively uniform topography and climate prior to the uplift
of the Cascades and Coast ranges.
This paper describes a late Tertiary florule from the Douglass Creek
Basin in western Montana as interpreted from plant megafossils preserved
as impressions in a coarse matrix.

Specimens collected for this study

were made by Dr. C. N. Miller, University of Montana, and Dr. H, F.
Becker, The New York Botanical Garden, in the summer of 1967.

Further

collections were made by the author in the summer of 1971.
The florule was originally thought to be lowermost Oligocene (Chadronian)
in age based on vertebrate and invertebrate evidence (Konizeski, 1961),
but leaf margin analysis and comparison with other Tertiary Floras indi
cate a .middle Oligocene to middle Miocene age for the florule since they
represent cooler conditions than are thought to have existed during early
Oligocene time.

CHAPTER II

PHYSICAL AND GEOLOGICAL ASPECTS OF THE DOUGLASS CREEK BASIN

Physical Aspects

The Douglass Creek Basin lies in Powell County in western Montana,
about 8 miles northeast of Drummond (Fig. I).

The basin is bordered by

the Garnet Range on the west and south and by the continental divide about
25 miles to the east.

The area is drained by Douglass, Sturgeon, Murray,

Spring, Bear, Sheep, and Morris Creeks (Fig. II) which eventually unite
with the Blackfoot and Clark Fork Rivers.

The Douglass Creek Basin, itself,

has an area of approximately 20 square miles and the altitude ranges
from 5200 feet to 4550 feet at the drainage exit.

In addition, irregular

mountain slopes rise up to 1000 feet above the valley floor.
The present climate of the Douglass Creek Basin is semi-arid with
mesic vegetation in the bottoms of the stream beds.

The basin has an

average growing season of 70 days with an average annual precipitation
of about 17 inches— mostly in the winter as snow (konizeski, 1961).
Vegetation today on the upper and poorly drained slopes consists

mainly

of P s e u d o ts u g a m enzi-es't't and small patches of PopuZus ty^emuZo'tdes on the
more mesic upland slopes and hollows.

Between the uplands and lower

slopes is a zone of P tn iis p o n d e vo sa ^ P s e u a o ts u g a ^ and Jun'Z perus s p . The
well drained slopes, the majority of the basin, are covered by A rte m e s 'ia
sp.

and various grasses.

PopuZus tr e r m Z o id e S j P,

The bottomland vegetation consists mainly of
t r io h o o a r p a , and S a Z ix s p .
2

Geological Aspects

From Precambrian to early upper Cretaceous times various sedimen
tary and igneous rocks were laid down, which now form the basement
complex of the region.

At early upper Cretaceous time the beds that had

been deposited were thrust into great folds trending northwest to south
east and then granitic intrusions invaded the sedimentary strata.
surface was then thoroughly eroded.

The

Subsequent structural stress, forming

numerous depressions, was accompanied by general volcanic activity
(Pardee, 1913).

The primary volcanic activity consisted of extrusive

lavas that filled the lower portions of the basins, remnants of which
still exist in one part of the Douglass Creek Basin, and later eruptions
covered the area with volcanic ash, which was washed into the valleys and
deposited there.

Deposition continued evidently well into Miocene time.

At the end of this epoch the area was uplifted into a plateau with an
approximate altitude of 7000 feet (Pardee, 1913) warping the deposits
into broad synclines and monoclines.

These beds dip generally, but not

always, toward the centers of the basins (Pardee, 1913).

The more

severely deformed beds exhibit numerous small normal faults, while the
less deformed beds exhibit few if any faults.
With this uplift, the rejuvenated streams rapidly eroded into the
softer volcanic rocks and established their present channels.

During

the Pleistocene the Tertiary rocks were covered with a layer of alluvial
gravel which now forms a thin veneer over the Tertiary basin fill in
most places.

The valley fills are considered to be mainly Oligocene and Miocene
in age by Pardee (1913) and of Oligocene age by Konizeski (1961) based
on vertebrate and invertebrate evidence found at the base-of the section
in the Douglass Creek Basin.

Work in southwest Montana (Kuenzi and

Fields, 1971; Kuenzi and Richards, 1969) has determined that the basin
fill sediments there are of Oligocene and Miocene-Pliocene age with an
unconformity between the Oligocene sediments and the Miocene-Pliocene
sediments.

Due to the lack of evidence of this unconformity at the

Douglass Creek Basin, I feel that the evidence from there cannot be
extrapolated to the Douglass Creek Basin.

However, their ages coincide

with those given by Pardee and Konizeski,

Rather than being of one age,

however, these beds probably are time continuous and overlap two or more
epochs.
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CHAPTER III

FOSSIL LOCALITIES

The fossils were collected from two roadcuts along Montana highway
271 approximately 8 miles northeast of Drummond, Montana.

The sites are

in the southeast corner of Sec. 3, T 12 N, R 12 W, near the extreme south
end of the basin near the headwaters of Sturgeon Creek (Fig. II).
correspond to Konizeski's (1961)

fossil site number 5.

The plants are preserved in a reworked volcanic ashthat
in an apparent lacustrine environment.
thinly bedded to paper shale.

These

wasdeposited

The beds range from blocky to

Most of the fossils occured in the blocky

material with very few good specimens occurring in the thinly bedded
material.

The latter contains large numbers of ostracods and gastropods,

which in some places make up the bulk of the rock.
approximately 20-25 degrees.

The beds dip south at

Pétrographie studies indicate the shales

are made up of mainly montmorillonite clay with kaolinite and mica making
up minor fractions of the rock.
Konizeski's (1961) measurements of the beds at the fossil locality
are given below:
feet

inches

"Limestone, light gray, marly; contains
fish scales and teeth, pelecypods,
myriad ostracodes................................ 1

3

Shale, chocolate brown, calcareous,
laminated; contains two gypsum
beds, myriads of ostracodes......

1

6

7

feet

inches

Clay, olive, unctuous, bentonitic;
constituents montmorillonite (90
percent), gypsum (10 percent),
quartz (? percent)..»

.0

7

Shale, yellow brown; contains rare
(1-2 inch) argillaceous beds and
one (1 inch) gypsum bed.............o u .......... 6

8

Limestone, light brown, marly, thinbedded; contains abundant ostracodes,
some gastropods

...0

11

percent), gypsum (? percent).....................13

8

Shale, yellow brown, laminated; con
stituents mixed-layered (Illitemontmorillonite)

(85 percent),

calcite (13 percent), quartz (1

Shale, chocolate brown, laminated;
contains plants, abundant ostracodes..............1

0

Limestone, chocolate brown, marly,
petroliferous........

....................0

Limestone lens , yellow brown.....

3

0

4

Shale, ferruginous, thin bedded..................... 0

7

(Total section 25 feet, 11 inches) '*
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CHAPTER IV

COMPOSITION OF THE DOUGLASS CREEK FLORULE

Systematic List

TRACHEOPHYTA
SPHENOPSIDA
Equisetineae
Equisetaceae
Equisetvrn sp,

PTEROPSIDA
Gymnospermae
Pinaceae
Abies laticarpa MacGinitie
Abies longivostTis Knowlton
Abies spp.
Piaea tahontensis MacGinitie
Picea magna MacGinitie
Pinus fiovissanti Lesquereux
Pinus montiootensis Berry
PiniAS wheeZeri Cockerell
Pinus spp,

Taxodiaceae
SeqxAoia affinis Lesquereux

Angiospermae (Monocotyledoneae)
Typhaceae
Typha sp,
9

10

Cyperaceae
Cypei*a(yites cf. Zacustv-ts MacGinitie

Angiospermae (Dicotyledeneae)
Betulaceae
Atnxis heZmV'iZZens'is n. spo
AZnus veZata (Knowlton) Brown

Fagaceae
Fagus drummondensi-s n.

sp.

Q uevous G O ns'tm iZ 'ts Newberry
QuevGUS G on vexa Lesquereux

Ulmaceae
ZeZk.ova OTegoniana (Knowlton) Brown
UZnms sp,

Berberidaceae
Mahonda Z'tm'irdvuZi- Becker
Mahon'ta spp.

Saxifragaceae
Edhes aiœatim Becker

Rosaceae
C erG O G arpus a n t iq u u s

Lesquereux

CevGOGarpus m tZ Z e rd n . sp.

Rosa hiZZiae Lesquereux
AmeZanGh'iei* S G uddeT'i Cockerell

Anacardiaceae
As’
ti*on'ium tTunoatim (Lesquereux) MacG

11

Aceraceae

Acer* cf. ftovissant'l Kirchner
Aoev sp,

Lauraceae
L'indera ootorad'ùca MacGinitie

Incertae cedis
Panax andvews'i'i Cockerell

This florule consists of 14 families, 21 genera, and 25 identifiable
species.
Since many of the species were based on single or very few specimens
no quantitative study was made.

The bulk of the specimens were of various

conifer remains, particularly seeds and needles, which are produced in
large numbers and could conceivably result in an over-representation of
these plants.

12

TABLE I

NUMERICAL REPRESENTATION OF GENERA AND SPECIES IN THE
DOUGLASS CREEK BASIN

Family

Genera

Pinaceae

3

Rosaceae

3

Fagaceae

2

Betulaceae

1

Ulmaceae

2

Berberidaceae
Aceraceae
Saxi fragaceae
Anacardiaceae
Lauraceae
Taxodiaceae
Typhaceae
Cyperaceae
Equisetaceae

Species

CHAPTER V

ECOLOGICAL ASPECTS OF THE DOUGLASS CREEK FLORULE

Due to the small numbers of plants represented in the Douglass Creek
florule, only general ecological relationships can be interpreted.
The florule can be roughly divided into five floral zones according
to Becker (1961):

HYDROSERE
CypeTac-ites cf. lacustv'ts
Equ-isetum sp.
Typha sp.

FLOOD PLAIN
Atnus velata
Acer cf. floT'lssant'i
Rosa htttiae
Zetkova oregon'Lana

DECIDUOUS FOREST
Astron'ium truncation
Quercus constmi Z-is

CONIFEROUS FOREST
Ahtes Zat'ioarpa
AhZes Zongirostrts
PZcea Zohontensts
Ptoea magna
Ptnus monttcaZensts
PZnus wheeZev't
Sequota afftnts

14

XERIC ASSOCIATION
Cercocarpus antiquus
Quercus convexa
Rib es auratum
Mahonïa linrCrivul'i
Amelanchier scudderi

The floristic association with the emphasis on the hydrosere and
flood plain, and coniferous forest associations suggests a relatively
high altitude cool-temperate habitat (sensu Wolfe and Hopkins, 1967) with
the xeric association possibly existing on the west and south facing
slopes.

From the considerations of the presumed topography and flora at

the time of deposition one would be prone to consider that the conifers
were dominant on the majority of the slopes with the xeric association
on the drier south and west facing slopes, and the hydric and flood plain
plants either on the lake edge or in the streams draining into the lake.
Comparison of the floral list with present floras (Table II) indi
cates strongly a cool-temperate climate such as exists in the region
today with a temperature range similar to the present but probably more
humid as indicated by Ah'teSy R -icea^srA . Sequoda»
These assumptions are based on very broad generalities and this
point must be remembered as many factors can be involved in a plant get
ting from the place of growth tb the basin of deposition.

Since many

species are based on one specimen, ecological assumptions for the whole
area based on the evidence of one specimen are at the very best quite
suspect.

15

TABLE II
COMPARISON OF THE DOUGLASS CREEK FLORULE WITH LIVING FLORAS

m
D

CO

M

D

Douglass Creek Species

Closest living relative

w

Abies taticarpa

A. magnifioa

X

Abbes longivostrbs

A, Venus ta

X

Piaea tahontensis

P. engetmanni

X

Picea magna

P. noeveitohii

Pinus ftorissanti

P. pondevosa

X

Pinus montiootensis

P. montioota

X

Pinus wheetevi

P. stvobifovnris

X

Sequoia affinis

S. sempevvivens

X

Atnus Tetata

A. mavitima
A. japonioa

X

Q- stenophytta

X

Quevous oonsinri tis
Quevous oonvexa

engetmanni

CO

CO

D

D

g

CO

8
-iH
X

(tJ
■H S
é < CO

X

X

X

^etkova ovegoniana

2. sevvata

X

^mhonia timivivuti

M. fovtunei

X

Rib es auvatum

R, aiœeum

X

Cevoooavpus antiquus

C. betutoides

X

Rosa hittiae

P. patustvis

Ametanohiev souddevi

A. atnifotia

Astvonium tvunoatum

A. fvaxinifotia

Aoev cf. ftovissanti

A. vubvum

X

Lindeva ootovadioa

L, benzoin

X
3

X
X

X

X

11

1

1

4

1

CHAPTER VI

AGE OF THE FLORULE

The Douglass Creek beds were treated as lowermost Oligocene
(Chadronian) by Konizeski (1961) based on vertebrate and invertebrate
evidence, but the plants indicate cooler conditions than are generally
thought to have existed in early Oligocene time.
Comparison of the Douglass Creek florule with other Tertiary floras
(Table III) reveals the greatest overlap with the Ruby Valley Paper Shale
flora (65%), the Beaverhead Basin flora (55%), and the Florissant flora
of Colorado (45%) which are of middle to late Oligocene in age.

These

percentages sinclude such genera as Equiseturris Typha^ and Cypevao'ites^
which are common to all three floras.

The Douglass Creek florule has an

average of 31% of its species in common with all the Oligocene floras (8
mainly middle to upper), 19% in common with all the Miocene floras (5),
9% in common with the Eocene floras (3), and 3% in common with the Pliocene
floras (2) compared.

Becker's (1961) "paleobotanical triangulation"

method would place the florule in the middle Oligocene to middle Miocene
range o
Further evidence for this age range comes from a comparison of per
centages of entire margined leaves (Bailey and Sinnott, 1915, 1916).
Entire margined leaves are characteristic of woody dicots living in
tropical, xeric-temperate, and arctic regions, that is, in regions of
physiological aridity for the plant during most of its growing season
(Wolfe and Hopkins, 1967).
more humid floras.

Conversely, non-entire leaves are found in

This method is particularly useful because there are

16
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no taxonomic considerations; only the type of margin is considered.

The

Douglass Creek Basin florule has an entire margin leaf percentage of
approximately 12,5% which represents cool-temperate conditions according
to Wolfe and Hopkins (1967).

By examining Wolfe and Hopkin's graph (Fig. Ill)

we see that the early to middle Oligocene floras plotted have an average
percentage of entire margined leaves of about 60%.

This curve takes a

drastic drop to 25-30% in the middle Oligocene and remains more or less
constant (varying between 25-40%) through the lower Pliocene,

Although

the Douglass Creek percentage is well below these percentages, one possible
explanation for the discrepancy is the fact that the Douglass Creek
florule is probably an upland flora while the majority of the floras
plotted are from the basin-range province and tend to be low altitude
floras (i.e. Eastern Oregon, Eastern Washington, and Nevada).

While the

floras of the Florissant beds and the Ruby Valley Paper Shale beds were
not plotted by Wolfe and Hopkins, they show a 45% and 25% entire margin
percentages respectively which fit into this graph nicely and further
demnostrate that the graph is applicable to Rocky Mountain floras as well
as those further west.
The wide discrepancy between the 12.5% entire margin percentage for
the Douglass Creek Basin and the 60% entire margin percentage for the
lower Oligocene definitely excludes the Douglass Creek florule from the
lower Oligocene and would again tend to place it in the middle Oligocene
to middle Miocene range.

Thus by the two methods, "paleobotanical tri

angulation" and leaf margin analysis, an age of middle Oligocene to middle
Miocene is indicated.

Lacking stratigraphie evidence, no further age

delineation can be made.
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CHAPTER VII

SYSTEMATIC DESCRIPTIONS

Type specimens are deposited in the University of Montana
Paleontological Collection ( U. Mont. P.C.).

Div. TRACHEOPHYTA
Sub. Div. SPHENOPSIDA
Class Equisetineae
Earn. Equisitaceae
Genus Equisetum Linnaeus
Equisetum sp,

(Plate 1, figs. 4-5)

Two specimens of Equisetum were found at the Douglass Creek local
ity.

One is a piece of a rhizome 1.0 cm. long with a branch 1.5 cm. long

with grooved ridges and furrows.

Pointed leaves are whorled at the nodes

The second specimen is a single unbranched stem 5.0 cm. long with leaves
whorled at the nodes.

Absence of more diagnostic material makes it

inadvisable to assign a specific name to these specimens.
Mont. P.C. #814, P.C. #815.

20

Holotype U .

21

Sub. Div. PTEROPSIDA
Class Gynmospermae
Fam. Pinaceae
Genus Ab'ies Miller
Ab-ies lat'lcanpa MacGinitie

(Plate 1, fig. 10)
Abi.es laticaTpus MacGinitie, 1933. C a m .

Inst. Wash. Pub. 416, p. 47

pi. 3, fig. 1.
A seed 1.0 cm. long and 4 mm. wide and apically acute is referred to
this species.
The

The wing is 7 mm. long and 8 mm. wide at its widest point.

seed is similar to thosedescribed by MacGinitie in 1933 except for

thefact that the seed is slightly smaller overall.
These seeds are generally considered to be closely related to Abies
magnifica Murr whose present distribution is identical to its fossil

distribution except for a small portion. Hypo type : U. Mont. P.C. #828.
Abies Zongivostvis Know1ton

(Plate 1, figs. 6-8)
Abies Z o n g iT O s tT is Know1ton, 1923. U.S. Geol. Survey Prof. Paper 131,

p. 187.--MacGinitie, 1953. C a m . Inst. Wash. Pub. 599, p. 82, pi. 18,
fig- 8.
The seeds are 7 mm. long and 3-4 mm. wide, apically acute and
broadening distally.
point.

Wings are 7-8 mm. long and 8 mm. wide at the widest

The wing is constricted slightly where it joins the seed body.

22

The Douglass Creek specimens are very similar to the material of Becker
(1969) and MacGinitie (1953) .
This fruit is considered to be most closely related to the living
Abies venusta Douglas.

This fossil Abies appears to have been widely

distributed during the Tertiary.

Hypo type : U. Mont. P.C. #829, P.C. #830,

P.C. #831.

Abies sp.

(Plate 1, figs. 11-16)

Six needles ranging in size from 12-16 mm. long and 2 mm. wide (one
large specimen, though incomplete, is 25 mm. long) are referable to the
genus Abies, but no further delineation is possible.

HoZotypes: U. Mont.

P.C. #832, P.C. #833, P.C. #834, P.C. #835, P.C. #861, P.C. #879.

Genus Pioea Link
Pioea lahontensis MacGinitie

(Plate 1, fig. 17)

Picea tahontensis MacGinitie,1933. Cam,

Inst. Wash. Pub. 416, p. 46,

pi. 3, fig. 4.

The seeds found in the Douglass Creek basin are referableto those
specimens shown in Becker (1961, pi. 5, fig. 40)
MacGinitie's Florissant material (1953).

and thoseshown in

The seeds are broadly wedge

shaped and are 8 mm. long and 4-5 mm. wide at the widest point.
wing broadens and is obliquely rounded.
and 2 mm. wide.

The

The seed body is 2-4 mm. long

Hypotype: U. Mont. P.C. #829.
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Picea magna MacGinitie

(Plate 1, figs. 18-21)

PirCea magna MacGinitie, 1953. Carn. Inst. Wash. Pub. 599, p. 83, pl. 18,

figs. 5-7.

The seeds are oval and 3-4 mm. long and 2-3 mm, wide.

The wings are

7-8 mm. long and 4-5 mm. wide and broadly rounded at the end.

Though

somewhat smaller then MacGinitie's (1953) specimens, they are quite
comparable.
These "snub nosed" seeds are readily distinguished and are very
widely found in the Tertiary floras of Idaho and Oregon.

They are

thought to be most closely related to the living P'icea noeve'ttoh't't
Masters now living in the mountains of China.

Hypotypes :

U. Mont.

P.C. #836, P.C. #837, P.C. #838, P.C. #839.

Genus Pi-nus Linnaeus

Pvnus ftor^'issant'l Lesquereux

(Plate 1, figs. 27-28)
Pinus ftoni^ssant-i Lesquereux, 1883. U.S. Geol. Survey Terr. Re£>t.,

vol. 8, p. 138, pi. 21, fig. 13.
Seeds referable to Pi-nus fZoT%ssant'l were found in the Douglass Creek
Basin.

The seeds are 5 mm. long and 3 mm. wide and the seed and wing is

2.5 cm. long which agrees with MacGinitie's material.

No leaves or cones

were found.
MacGinitie feels that P. fZonissant'i is extremely close to the living

P. ponderosa.

Hypotypes: u. Mont. p.c. #867, P.C.#868.
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P'lnus mont'LQotens'is Berry

(Plate 1, figs. 24-25)

Pinus montieolensis Berry, 1929.

U.S. Geol. Survey Prof. Paper 154,

p. 238, pi. 49, fig. 8 only.
PinviS latahensts Berry, 1929, U.S. Geol. Survey Prof. Paper 154, p. 238,

pi. 49, fig. 7,

One fascicle of five needles was found with needle length of 36 mm.
which compares favorably with Becker's material (1961, pi. 8, fig. 8)
except for its shorter size.

Some of the needles in the Douglass Creek

material appear to have broken off and this could account for the shorter
length.
One reason for placing this five needle fascicle in F. mont'lootens-is
is that seeds referable to this species were also found in the Douglass
Creek florule and therefore substantiate the presence of F. mont'iooZens'is
in the Douglass Creek Basin.
wide at the widest point.

The seed and wing is 18 mm. long and 6 mm.

The seed body itself is 5 mm. long and 4 mm.

wide and agrees favorably with Becker's (1961) material.
U. Mont. P.C. #842, P.C. #843.

Hypotypes:
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Pinus wheeVev'l Cockerell

(Plate 1, figs. 22-23)

P'lnus wheeZer*i Cockerell.

Bull. Amer. Mus. Nat. Hist., vol. 24, p. 78,

pi. 6, figs. 5, 11, 1908.
Pinus tutameenensis Penhallow.

Rept. Tert. Plants Brit. Columbia, p. 73,

text fig. 34, 1908.
Pinus ydleostvobus Lesquereux

(not Heer) Rept. U.S. Geol. Surv. Terr.,

vol. 7, p. 83, pi. 7, figs. 25, 31, 1878.

A fascicle of five needles with needle length of 31 mm. (incomplete)
was found that is similar to MacGinitie's specimen (1933, pi. 18, fig. 11)
The needles appear to be robust and the short shoot is pronounced.
MacGinitie feels that P. wheeZevi is synonomous with P. monticoZensis
and P. tuZameenensis^ but the author feels there is enough justification
for keeping these as separate species.
A seed of P. wheeZevi was found that is quite similar to those
pictured in Becker (1969, pi. 6, figs. 22, 23).

The nutlet is small

(3 mm. long and 2 mm. wide) and the wing is long and narrow— 15 mm.long
and 5.5 mm wide.

Hypotypes:

U. Mont. P.C. #840, P.C. #841.

Pinus spp .

(Plate 1, figs. 29-32)

Species A: Whole and partial fascicles of Pinus were found with 2-3
needles per fascicle.
a complete specimen.

The needles are up to 27 mm. and 0.5 mm. wide for
One incomplete specimen is 24 mm. long and 0.5 mm.

26

wide.

They differ in length from Becker's specimens (1969, pi. 9, figs.

2, 9) and appear to be more delicate.

Species B : One fascicle containing 2 needles is 32 mm, (incomplete)
and 2 mm. wide and appears quite robust.

It bears close resemblance to

MacGinitie's F'inus wheeZevv except for the 2 needles, possible the other
2 needles were lost in transport.

Species C:

A branch with many needles was found, but it is imposs

ible to determine the number of needles per fascicle.

It bears close

resemblance to MacGinitie-s P'lnus hoiribeoh'i except for its shorter
length.

It also appears close to P'lnus tuZameenens'ls Penhallow as

pictured in Arnold (1955).

Needles range in length from 25-35 mm, and

3mall short shoots are evident on the stem of the specimen.
U. Mont. P.C. #869, P.C. #870, P.C. #877, P.C. #871.

HoZotypes:
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Fam. Taxodiaceae
Genus. SeqiiO-ia Endlicher
S é q u o ia a f f i n i s

Lesquereux

(Plate 2, figs. 1-3)

Sequoia affinis Lesquereux, U.S. Geog. and Geol. Surv. Terr., Ann.

Rept. for 1874, p. 310, 1876;

Bull. U.S. Geog. and Geol, Surv.

Terr., Vol. I (for 1875), p. 384. 1876:

Rept. U.S. Geol. Surv.

Terr., Vol. 7, p. 75, pi. 7, figs. 3-5; pi. 65, figs. 1-4, 1878.
Sequoia 'Langsdovfii Lesquereux,

Terr., Vol.

7,

(not Brongiart) , Rept. U.S. Geol. Surv.

p. 76, 1878.

Gtyptostvobus ungeri (?) Lesquereux,

(not Heer), Rept. U.S. Geol. Surv.

Terr. , Vol. 8, p. 139, pi. 22, figs. l-6a, 1883.

Sequoia haydenii (lesquereux) Cockerell, Science, vol. 26, p. 447, 1907;

Bull. Amer. Mus. Nat. Hist., vol. 24, p. 78, pi. 10, figs. 4-8, 1908.

Heydevia cotoradensis Cockerell, Science, vol. 26, p. 447, 1907; Popular

Science Monthly, vol. 73, p. 122, text fig., 1908.

Gtyptostrobus europaeus Berry,

(not Brongiart),

U.S. Geol. Survey Prof.

Paper 185, p. 103, {Sequoia affinis Lesquereux only), 1934.

Sequoia affinis Lesquereux by H. V. Smith, Amer. Midland Naturalist,

vol. 25, p. 493, pi. 2, figs. 1, 6, 1941. — Chaney, Trans. Amer.
Philos. Soc., new ser., vol. 40, pt. 3, p. 231, pi. 1, fig. 2;
pi. 3, figs. 2-4; pi. 4, figs. 3, 4, 7; pi. 6, fig. 6; pi. 7, figs, 7-9;
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pl. 8, figs. 10; pl. 12, figs. 3, 4. 1951.

Sequotoocyton pearsalt%t

Andrews, Ann. Missouri Bot. Gard., vol, 23, p.

440, text fig. 1, 1936

The leaves are linear.
7-10 mm.

The maximum length of the leaves is about

Leaves are both appressed

and apparently two

ranked. Ovulate

cones are small, ovoid, and about 1 cm. in diameter.
The Douglass Creek material is

comparable for all

poses with the material from Florissant.
very similar.

intents and pur

Both the leaves and cones are

It is very difficult to distinguish sterile foliage of

Gtyptostrobus and Sequota, but on the basis of cones, the author feels

that the Douglass Creek material is S, affinis•

S, affinis makes up the

greatest number of specimens in the Douglass Creek florule.

The distrib

ution of S, affinis is widespread during the Oligocene and the reader is
referred to Chaney's monograph on the fossil species of Sequoia^ Taxodium^
Metasequoiaj and Gtyptostrobus.

P.C. # 872, P.C. #876.

(1951).

Hypotypes:

U. Mont. P.c. #855,
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Fam. Typhaceae
Genus. Typha Linnaeus

Typha sp,

(Plate 1, fig. 3)

Fossils representing Typha are represented by numerous impressions
with parallel venation, ranging in size from 11 cm. long and 5 mm. wide
to 4.5 cm. long and 3 cm. wide.

The specimens are too poorly preserved

to be assigned to the specific level.

Eolotype: U. MOnt. P.C. #812.
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Fam. Cyperaceae
Genus. Cypei*a<yites Schimper
Cyperacites cf. lacustris MacGinitie

(Plate 1, fig. 9)

Cyperaoïtes cf. taoustri^s MacGinitie, 1953.

Carn. Inst. Wash. Pub. 599,

p. 92, pl. 17, fig. 2.

The specimens of Cyperao'Ùtes found at Douglass Creek are comparable
to the specimens found at Florissant.

Most of them are small fragments,

but fit within the sizes given by MacGinitie.
which are 3-7 mm. apart.

Roots diverge from nodes

There are possibly more than one species rep

resented here, but preservation is not sufficient to delineate them
further.

Hypotype:

U. Mont. P.C. #813.
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Fam. Betulaceae
Genus. AZrvus Ehrhart
Atnus TeZata (Know1ton) Brown

(Plate 2 f figs. 5-7)
Atnus Tetatus (Knowlton) Brown, 1937.

U.S. Geol. Survey Prof. Paper 186

p. 170, pi. 49, figs. 1-6.
The leaves are lanceolate to eliptical.

The apices are acute to

rounded (damaged?) and the base is slightly rounded.
4.5 cm. long and 1.8 - 2.0 cm. wide.

The blade is 4.2 -

The petiole is 0.8 cm. long.

Six

to seven pairs of secondary veins diverge at an angle of approximately
60° and curve toward the apex and are opposite to alternate.
venation is not preserved.

Secondary veins

Tertiary

enter the teeth directly

where visible. The margin is serrate.
This species contains many forms of what appear to be a single
species (Becker, 1961).

The Douglass Creek specimens fit very well

into the general description given by Becker (1961) for this specieso
Many specimens from the Douglass Creek Basin were preserved only
sufficiently to be positively identified as 4. v e t a t a , but only two or
three were preserved sufficiently to be described and photographed.
H y p o ty p e s :

U. Mont. P. C. #854, P.C. #858, P.C. #859.
Atnus hetmv'ittens'is sp. nov.

(Plate 2, fig. 4)
The leaf is obovate and approximately 3.5 cm. long and 2.3 cm.
wide at the widest point. The petiole is 1,0 cm. long.

The base is
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acute and the margin is serrate with numerous teeth.
damaged, but appears to have been acute to rounded.

The tip has been
Five pairs of

secondary veins diverge alternately at an angle of about 50^ and are
craspedromous.

Tertiary venation is not preserved.

robust as are the secondaries.

Eolotype:

The midvein is

U. Mont. P.C. #851.
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Fam. Fagaceae
Genus. QueTOus Linnaeus
QueTQUS cons'imiZ'is Newberry

(Plate 2, figs. 9-11, 13, 14; Plate 3, fig. 1)
QueTCUs oonvexa Newberry, 1883. U.S. Nat. Mus, Proc., vol. 5, po 505;

1898.

U.S. Geol. Surv. Mon. 31, p. 71, pi. 43, figs. 2-5.— Brown,

1937.

U.S. Geol. Surv. Prof. Pap. 186, p. 172, pi. 50, figs. 2-5.

Castanops'is oonsi-miZ'ts (Newberry) Brooks, 1935. Carn. Mus. Ann. , vol.

24, p. 285; pi. 6, fig. 2; pi. 7, figs. 3, 4; pi. 8, figs. 1-5 ;
pi. 9, figs. 4, 5; pi. 10, figs. 4, 5; pi. 17, fig. 1; pi, 20, fig. 5
The Douglass Creek specimens are very similar to Beckers material
(1961, pi. 17, figs. 4-7) but tend to be 2-3 cm. shorter.
in length with Graham's Sucker Creek flora (1965).

They agree

The Douglass Creek

specimens range in length from 4-6.7 cm. while Becker's specimens are
generally in the 9-10 cm. range.

Other than this size difference, the

Douglass Creek material is quite similar to the Ruby Valley material.
Hypotypes:

U. Mont. P.C. #817, P.C. #818, P.C. #819, P.C. #820, P.C.

#821, P.C. #856.
Quevcus oonvexa Lesquereux

(Plate 2, fig. 12; Plate 3, figs. 2, 4)
QueTOUS oonvexa Lesquereux, 1878.

Harvard Coll. Com. Zool. Mem., vol. 6,

no. 2, 4, pi. 1, figs. 13-17 ; 1883.

U.S. Geol. Surv, Terr. Rept.,

vol. 8, p. 265, pi. 45b, figs. 5,6.— Axelrod, 1939. Carn. Inst. Wash.
Pub. 516, p. 95, pi. 7, figs. 3-7; 1950.

Carn. Inst. Wash. Pub. 590,
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p. 204, pl. 5, figs. 2, 3, 6.— Condit, 1944.

Carn. Inst. Wash.

Pub. 553, p. 76, pi. 14, figs. 2, 3, 5, 6.

The leaves are obovate to oblong.

One entire specimen is 3.5 cm.

long and 1.5 cm. wide at its widest point.

The leaf base is acute to

cuneate and the apex is obtuse to mucronate. The

leaves have entire

margins, pronounced midribs and the secondary veins are alternate to
subopposite.

These specimens are very similar to the Ruby Valley

material of Becker (1961) , but as in the case of Quevous cons'imiZ'is are
generally 1.0 to 2.0 cm, shorter.

Hypotypes:

U. Mont. P.C. #822, P.C.

#823, P.C. #824.

Fagus drummondensts sp. nov.

(Plate 2, fig, 8)

The leaf of this species of Fagus is elliptical and 8.5 cm. long
by 3.7 cm. wide.

The petiole is 0.6 cm, long and the base is acute.

The apex appears damaged, but appears to have been acute to acuminate.
12 pairs of secondary veins diverge suboppositely to alternately at
angles

of approximately 35-40^ and are craspedromous.

The margin

is crenate to serrate and the teeth recurve strongly toward the apex.
Tertiary venation is net.

HoZotype:

U. Mont. P.C. #852.
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Fam. Ulmaceae
Genus. ZeVhova Spach
ZeVkova oregon-iana (Know 1ton) Brown

(Plate 3, fig. 6)
ZeVkova OTegorvtana (knowlton) Brown, 1937.

U.S. Geol. Survey Prof,

Paper 186, p. 173, pi. 51, figs. 11-15.
The leaf is lanceolate and is 5.1 cm. long and 2.0 cm. wide at its
widest point.

The base is rounded and is highly asymmetrical.

is acuminate.

The petiole is 0.8 cm. long and robust as is the primary

vein.

The apex

Approximately 14-16 secondary veins diverge suboppositely at angles

of about 75*^ and are craspedromous.

The margin is highly eroded, but

appears to have been serrate to crenate.

Tertiary venation is not

preserved.
Becker's specimens of 2. or*egon'tana have only 6-10 pairs of
secondary veins, but Wolfe (1964) describes a specimen with 14-16 pairs
of secondary veins and his figures are comparable to the Douglass Creek
specimen.

Zetkova seems to have had its greatest range during Oligocene

and Miocene times, but since then it has steadily decreased its range.
Hypotype:

U. Mont. P.C. #853.
G e n u s . UZmus Linnaeus
Utmus s p .

(Plate 3, fig. 3)
A small leaf fragment was found that should probably be placed in
this genus.

The leaf fragment is 3.4 cm. long and 1.8 cm. wide.

The
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base is obtuse and the overall leaf appears to be oval. The margin is
serrate, and the secondary veins diverge at an angle of about 45° and
sometimes bifurcate before entering a tooth, but only in a few instances
The petiole is 5 mm, long and appears to be robust.
The specimen bears close resemblance to the i/ZmziS species pictured
by MacGinitie (1953), but due to the fragmentary nature of the Douglass
Creek specimen the author feels that it is inadvisable to assign it to
a species.

HoZotype:

U. Mont. P.C. #849.
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Fam. Berberidaceae
Genus. Mdhon'ta Nuttall
Mahon-ia t'imiT'ivut'i Brown ex Becker

(Plate 3, fig. 5)

Mahon'ia Z'inriT'lvut't Brown ex Becker, 1962.

Bull. Torrey Bot. Club, vol.

82, no. 2, p. 117, fig. 3 (fig. 4 is a reconstruction of fig. 3).

Mdhon'ta gTont'tana Brown ex Becker. Ibid.,. p. 116, fig. 1.

The leaf is elongate, inequalateral, and slightly curved.
specimen is 3.5 cm. long and 1.7 cm. wide at its widest point.
is acuminate and the base is concavely rounded.

The
The apex

Marginal teeth are 10 in

number and are approximately 5 mm. long and directed upward and are spinose
The very weak primary vein and secondary veins are very indistinct.
This specimen is very close to Becker's (1961 pi. 25, fig. 13) speci
men, being slightly smaller and having more teeth.

Becker’s specimens

have teeth numbers ranging from 2-6 so 10 is within reason for this
species.

Therefore the author feels that this specimen fits well within

the possible morphologic range for this species.

Hypotype: U. Mont. P.C.

#873.

Mahon'ia spp,

(Plate 3, figs. 7-8)

Another specimen possibly referable to M, I'imirdvuli is very poorly
preserved and appears to have been badly battered before preservation so
that the author feels that this specimen can best be called Mahon'ia s p .
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One other specimen is also too poorly preserved to be assigned a
definite species name, but the general outline of the leaf sugggests that
it is closest to M. s'imptex (Newberry) Arnold, but the author prefers to
leave it at Mahon'ia sp. for the present.
P.C. #875.

HoZotypes:

u. Mont. P.C, #874,
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Fam. Saxifragaceae
Genus. Ribes Linnaeus
Ribes auratian Becker

(Plate 3, figs. 9-10)

R-ibes auratian Becker.

.

1961, Geol. Soc. Amer. Mem. 82, p. 70, pi. 20,

fig. 13.

The leaf is broadly obovate and is three lobed.
to acute.

The base is cuneate

The leaves are 1.5 to 2.0 cm. long and 1.5 to 2.3 cm. wide at

their widest points.

The venation is palmate and the secondary veins are

distinctly upward curving and craspadromous.

The petiole is 7 mm. long.

Except for the slightly larger size and being more acute at the
base, the Douglass Creek specimens are comparable to Becker's specimens
(1961).

The author feels that specimens from the Douglass Creek Basin

fit within the limits of this species.
P.C. #847.

Hypotypes:

u. Mont. P.C. #846,
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Fam. Rosaceae
Genus. CerQOoavpus Humboldt, Bonpland, et Kunth
Ceraocarpus antïquus Lesquereux

(Plate 3, fig, 12)

Cercooarpus antiquus

Lesquereux, 1978. Mem. Harvard Mus. Comp. Zool.,

vol. 6, no. 2, p. 37, pi. 10, figs. 6-10.— Axelrod, 1944, Carn. Inst
Wash. Pub. 553, p. 256, pi. 43, figs. 3, 4;

Univ. of Cal. Publ.

Geol. Sci., vol. 33, p. 229, pi. 28, figs. 12, 14.

Cercooarpus ouneatus Dorf, 1937.

Carn. Inst. Wash. Pub. 412, p. 98,

pi. 4, fig. 4.

One poorly preserved specimen evidently belongs to this species.
The leaf is 2.6 cm. long and 8 mm. wide.

It is lanceolate and the

margins tend to be parallel and decurrent to the base of the petiole.
Secondary veins, though very poorly preserved, are sharply ascending.
Though smaller than Becker's material, I feel that it is still within
the limits of this species.

Hypotype:

U. Mont. P.C.

#848.

Cercooarpus nrlllert sp. nov.

(Plate 3, fig. 11)

The leaf is 4.2 cm. long and 1.7 cm. wide.
a rounded apex and an acute base.

The leaf is oblong with

6-9 pairs of secondaries arise at an

angle of about 45*^ and go to the serrate margin— each ending in a tooth.
The teeth are 18 in number and are quite pronounced.
approximately 0.8 cm. long.

The petiole is

Tertiary venation is not preserved.
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Description of this leaf was quite difficult since evidently two
leaves of the same species were superimposed prior to fossilization.
Eolotype:

U. Mont. P.C. #860.

Genus. Rosa Linnaeus
Rosa Inilltae Lesquereux

(Plate 3, figs. 14-19)

Rosa hllViae Lesquereux, 1883, U.S. Geol. Survey Terr. Rept., vol. 8,

p. 199, pi. 40, figs. 16, 17;--MacGinitie, 1953, Carn. Inst. Wash.
Pub. 599, p. 121, pi. 41, fig. 3; pi. 42, fig. 4; pi. 49, fig. 6.

Several rosaceous leaves of unknown species identity are placed in
this form genus (MacGinitie, 1953).

The leaves range in length from 1-

2.4 cm. for complete specimens and one incomplete specimen is 2.7 cm.
long.

Widths range from 1-2 cm. (the 2 cm. size is for the incomplete

specimen).

The margins are serrate and all have distinct petioles which

average about 0.5 cm, in lenth.
The number of specimens of R. h-illtae collected at the Douglass
Creek Basin was second only to the number of specimens of Sequoia affinis
collected.

Hypotypes:

U. Mont. P.C. #861, P.C. #862, P.C. #863, P.C.

#864, P.C. #865, P.C. #866.
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Genus. A m eZanohieT Medicus
AmeZanoh'teT s o u d d e i^ Cockerell

(Plate 3, fig. 13)

AmeZanchier soudderi Cockerell, Bull. Torrey Bot. Club., vol. 33, p. 310,

text fig, 4, 1906.

AmeZanchier perituZa Cockerell, 1908, Bull. Amer. Mus. Nat. Hist., vo l , 24,

p. 95, pi. 6, fig. 6.

AmeZanchier grayi Chaney, 1927, (part), Carn. Inst. Wash. Pub. 346, p. 120,

pi. 14, figs. 3-5.— MacGinitie, 1933, Carn. Inst. Wash. Pub. 416, p.
58.

VZanera ungeri Lesquereux, 1978,

(not Heer), Rept. U.S. Geol. Surv. Terr,,

vol. 7, p. 190, pi. 27, fig. 7.

The leaf is obovate to ovate, length is 3.5 cm., width is 2,2 cm. at
the widest point.
is missing.

The apex is broadly rounded and the assumed acute apex

The base is cuneate and the margin is coarsely serrate in the

upper two-thirds of the leaf.
terminal apiculation.

The teeth are broadly triangular with

Six pairs of opposite or subopposite secondary

veins diverge at an angle of approximately 45°.
veins enter the marginal teeth.

Branches of the secondary

Tertiary venation is not preserved.

The Douglass Creek specimen is similar to the Florissant specimen
(MacGinitie, 1953, pi. 50, fig. 2) except for a possible missing apical
point on the Douglass Creek specimen.

Hypotype:

U. Mont. P.C. #816.
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Fam. Anacardiaceae
Genus. AstTorvium Jacquin
Astvoniim trunoatim (Lesquereux) MacGinitie

(Plate 3, fig. 20)

Astroniimj truneatum (Lesquereux) MacGinitie, 1953,Carn. Inst. Wash,

pub. 599, p. 133, pi. 38, figs.

Parana tenuis Lesquereux, 1883.

p. 173.— Knowlton, 1916.

1, 2; pi. 48, fig. 5,

U.S. Geol. Survey Terr. Rept., vol. 8,
Proc. U.S. Nat. Mus., vol. 51, p. 286,

pi. 27, figs. 4-6.— Brown, 1940.

Wash. Acad. Sci. Jour,, vol, 30,

p. 353.

Parana cackerettt Knowlton, 1916, Proc. U.S. Nat. Mus. vol. 51, p. 287,

pi. 27, fig. 3.

A single calyx was found at Douglass Creek that is identical to that
found at Florissant (MacGinitie, 1953).
sepals, 10-13 mm, long and 5-6 mm. wide.
scar 2 mm. in diameter in the center
attachment.

H y p a ty p e : U. Mont. P.C.

The calyx consists of five oblong
They are distincly veined.

of the calyx shows thepoint
#811.

A

of seed

44

Fam. Aceraceae
Genus. Acer Linnaeus
Acer cf. ftorissanti Kirchner

(Plate 4, fig. 1)

Acer ftorissanti Kirchner, 1898, Trans. Acad. Sci. St. Louis, vol. 8, p.

181, pi. 11, fig. 1.

Acer mysitcvm Kirchner, ibid., p. 181, pi. 11, fig. 2.

Acer perditwn Cockerell, 1908, Amer. J. Sci., ser. 4, vol. 26, p. 65,

text fig. 16.

Acer ftorigerwn Cockerell, ibid,, p. 66, fig. Ic.

Acer kirchnerianum Knowlton, 1916, Proc. U.S. Nat. Mus., vol. 51, p. 282.

One badly eroded leaf 4.0 cm. long by 3.0 cm. wide is tentatively
assigned to this species.
veins.

It is palmately veined with three very distinct

Secondary veins arise at right angles from the primary veins.

The specimen appears to have been three lobed, but it has been badly eroded
so as to obscure this feature.
Except for a slightly different base (the Douglass Creek specimen
has an acute base, while the Florissant specimen has a rounded base) the
Douglass Creek specimen is quite comparable to MacGinitie's specimen
(1953, pi. 58, fig. 2).

Since the Douglass Creek specimen was poorly

preserved, this could account for the apparent change in basal morphology.
H yp o typ e :

U. Mont. P.C. #857.
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A oer sp,

(Plate 4, fig. 2)

One very poorly preserved samara has enough preservation to be
placed in this genus.

The samara is 2.8 cm. long and approximately

6-8 mm. wide and is thickened along the upper edge of the wing.
H o lo ty p e :

U. Mont. P.C. #850.
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Fam. Lauraceae
Genus. Li-ndera Thunberg
Lindera cotoradïaa MacGinitie

{Plate 4, figs. 3-5)

Lindera coloradica MacGinitie, 1953,

Cam. Inst. Wash. Pub. 599, p. 112,

pi. 35, fig. 2.

The Douglass Creek specimens consist of one complete specimen 4 cm.
long and 1.8 cm. wide, and two partial specimens, one of which is compar
able to the complete specimen and the other is larger being 3.5 cm. long
and 2.8 cm. wide and appears to be within the size range of MacGinitie's
specimen (1953).
rounded.

The margins are entire and the preserved apices are

The base is acute and the petiole is short (0.5 cm.) and slender

The midribs are pronounced but are slender and gently tapering.

5-7 pairs

of secondary veins diverge irregularily at an angle of about 50^, open
distally.

Some secondary veins branch well within the margin and all the

secondary veins are camptodromus. Tertiary venation is not preserved.
H yp o typ e s:

U. Mont. P.C. #825, P.C. #826, P.C. #827.
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Incertae Cedis
Panax andrews'iï Cockerell

(Plate 4, figs. 6-7)
Panax andTews'i'i Cockerell, 1908, Amer. Naturalist, vol. 42, p. 581, text

fig. 12.
The Douglass Creek specimens are obovate, 3-5 cm. long and 1.9 cm.
wide.

The bases are cordate and the apices are rounded.

are comparable to MacGinitie's specimens (1953).

These specimens

The margins are serrate

and the petiole is short, 2 ram. long.
MacGinitie feels that this Panax

is not really a Panax but since

the Douglass Creek specimens are relatively well preserved they are
included in the flora and the name Panax andreWS'l'i is retained.
Hypotypes:

U. Mont. P.C. # 844, P.C. #845.

CHAPTER VIII

SUMMARY AND CONCLUSIONS

Plant impressions representing 14 families, 21 genera, and 25
identifiable species, three of which are new, form the basis for this
report.

They come from beds in western Montana that were originally

thought to be lowermost Oligocene (Chadronian) on the basis of verte
brate and invertebrate remains (Konizeski, 1961).

Comparison of these

plant fossils with those of other Tertiary localities and analysis of
their leaf margins indicate an age of middle Oligocene to middle Miocene.
The animal remains were collected from localities some distance from
the plant localities and these beds dip away from the vertebrate beds
toward the plant beds.

These beds could have undergone constant deposi

tion from Eocene through middle Miocene (Pardee, 1913) and so Konizeski's
vertebrates, evidently located near the base of the section, could be
lowermost Oligocene while the plant beds, located seemingly near the top
of the section, could be the middle Oligocene to middle Miocene age
indicated by the plants.

Thus, it is likely that these beds could span

this broad spectrum of Tertiary time.
While this florule is relatively small, it is important in providing
our first source of information about vegetation of this time in western
Montana.
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CHAPTER I

INTRODUCTION

Many Tertiary floras from the western United States have been
reported, but few are located in the Rocky Mountain region.

Most of the

floras described have been from the basin-range province to the west,
which had relatively uniform topography and climate prior to the uplift
of the Cascades and Coast ranges.
This paper describes a late Tertiary florule from the Douglass Creek
Basin in western Montana as interpreted from plant megafossils preserved
as impressions in a coarse matrix.

Specimens collected for this study

were made by Dr. C. N. Miller, University of Montana, and Dr. H, F.
Becker, The New York Botanical Garden, in the summer of 1967.

Further

collections were made by the author in the summer of 1971.
The florule was originally thought to be lowermost Oligocene (Chadronian)
in age based on vertebrate and invertebrate evidence (Konizeski, 1961),
but leaf margin analysis and comparison with other Tertiary Floras indi
cate a .middle Oligocene to middle Miocene age for the florule since they
represent cooler conditions than are thought to have existed during early
Oligocene time.

CHAPTER II

PHYSICAL AND GEOLOGICAL ASPECTS OF THE DOUGLASS CREEK BASIN

Physical Aspects

The Douglass Creek Basin lies in Powell County in western Montana,
about 8 miles northeast of Drummond (Fig. I).

The basin is bordered by

the Garnet Range on the west and south and by the continental divide about
25 miles to the east.

The area is drained by Douglass, Sturgeon, Murray,

Spring, Bear, Sheep, and Morris Creeks (Fig. II) which eventually unite
with the Blackfoot and Clark Fork Rivers.

The Douglass Creek Basin, itself,

has an area of approximately 20 square miles and the altitude ranges
from 5200 feet to 4550 feet at the drainage exit.

In addition, irregular

mountain slopes rise up to 1000 feet above the valley floor.
The present climate of the Douglass Creek Basin is semi-arid with
mesic vegetation in the bottoms of the stream beds.

The basin has an

average growing season of 70 days with an average annual precipitation
of about 17 inches— mostly in the winter as snow (konizeski, 1961).
Vegetation today on the upper and poorly drained slopes consists

mainly

of Pseudotsuga menzi-es't't and small patches of PopuZus ty^emuZo'tdes on the
more mesic upland slopes and hollows.

Between the uplands and lower

slopes is a zone of Ptniis pondevosa^ Pseuaotsuga^ and Jun'Zperus sp. The
well drained slopes, the majority of the basin, are covered by Artemes'ia
sp.

and various grasses.

The bottomland vegetation consists mainly of

PopuZus trermZoideSj P, triohooarpa, and SaZix sp.
2

Geological Aspects

From Precambrian to early upper Cretaceous times various sedimen
tary and igneous rocks were laid down, which now form the basement
complex of the region.

At early upper Cretaceous time the beds that had

been deposited were thrust into great folds trending northwest to south
east and then granitic intrusions invaded the sedimentary strata.
surface was then thoroughly eroded.

The

Subsequent structural stress, forming

numerous depressions, was accompanied by general volcanic activity
(Pardee, 1913).

The primary volcanic activity consisted of extrusive

lavas that filled the lower portions of the basins, remnants of which
still exist in one part of the Douglass Creek Basin, and later eruptions
covered the area with volcanic ash, which was washed into the valleys and
deposited there.

Deposition continued evidently well into Miocene time.

At the end of this epoch the area was uplifted into a plateau with an
approximate altitude of 7000 feet (Pardee, 1913) warping the deposits
into broad synclines and monoclines.

These beds dip generally, but not

always, toward the centers of the basins (Pardee, 1913).

The more

severely deformed beds exhibit numerous small normal faults, while the
less deformed beds exhibit few if any faults.
With this uplift, the rejuvenated streams rapidly eroded into the
softer volcanic rocks and established their present channels.

During

the Pleistocene the Tertiary rocks were covered with a layer of alluvial
gravel which now forms a thin veneer over the Tertiary basin fill in
most places.

The valley fills are considered to be mainly Oligocene and Miocene
in age by Pardee (1913) and of Oligocene age by Konizeski (1961) based
on vertebrate and invertebrate evidence found at the base-of the section
in the Douglass Creek Basin.

Work in southwest Montana (Kuenzi and

Fields, 1971; Kuenzi and Richards, 1969) has determined that the basin
fill sediments there are of Oligocene and Miocene-Pliocene age with an
unconformity between the Oligocene sediments and the Miocene-Pliocene
sediments.

Due to the lack of evidence of this unconformity at the

Douglass Creek Basin, I feel that the evidence from there cannot be
extrapolated to the Douglass Creek Basin.

However, their ages coincide

with those given by Pardee and Konizeski,

Rather than being of one age,

however, these beds probably are time continuous and overlap two or more
epochs.
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CHAPTER III

FOSSIL LOCALITIES

The fossils were collected from two roadcuts along Montana highway
271 approximately 8 miles northeast of Drummond, Montana.

The sites are

in the southeast corner of Sec. 3, T 12 N, R 12 W, near the extreme south
end of the basin near the headwaters of Sturgeon Creek (Fig. II).
correspond to Konizeski's (1961)

fossil site number 5.

The plants are preserved in a reworked volcanic ashthat
in an apparent lacustrine environment.
thinly bedded to paper shale.

These

wasdeposited

The beds range from blocky to

Most of the fossils occured in the blocky

material with very few good specimens occurring in the thinly bedded
material.

The latter contains large numbers of ostracods and gastropods,

which in some places make up the bulk of the rock.
approximately 20-25 degrees.

The beds dip south at

Pétrographie studies indicate the shales

are made up of mainly montmorillonite clay with kaolinite and mica making
up minor fractions of the rock.
Konizeski's (1961) measurements of the beds at the fossil locality
are given below:
feet

inches

"Limestone, light gray, marly; contains
fish scales and teeth, pelecypods,
myriad ostracodes................................ 1

3

Shale, chocolate brown, calcareous,
laminated; contains two gypsum
beds, myriads of ostracodes......

1

6

7

feet

inches

Clay, olive, unctuous, bentonitic;
constituents montmorillonite (90
percent), gypsum (10 percent),
quartz (? percent)..»

.0

7

Shale, yellow brown; contains rare
(1-2 inch) argillaceous beds and
one (1 inch) gypsum bed.............o u .......... 6

8

Limestone, light brown, marly, thinbedded; contains abundant ostracodes,
some gastropods

...0

11

percent), gypsum (? percent).....................13

8

Shale, yellow brown, laminated; con
stituents mixed-layered (Illitemontmorillonite)

(85 percent),

calcite (13 percent), quartz (1

Shale, chocolate brown, laminated;
contains plants, abundant ostracodes..............1

0

Limestone, chocolate brown, marly,
petroliferous........

....................0

Limestone lens , yellow brown.....

3

0

4

Shale, ferruginous, thin bedded..................... 0

7

(Total section 25 feet, 11 inches) '*

D O U G LA SS

CREEK

B A S IN

R12W

\
M o r r is
to
Drum m ond

fo s s il s ite s

T e r t ia r y vo lco n ic s

I m ile

T12N

46^45*

Fig. II

(a fte r

K o n iz e s k i. 1961)

CHAPTER IV

COMPOSITION OF THE DOUGLASS CREEK FLORULE

Systematic List

TRACHEOPHYTA
SPHENOPSIDA
Equisetineae
Equisetaceae
Equisetvrn sp,

PTEROPSIDA
Gymnospermae
Pinaceae
Abies laticarpa MacGinitie
Abies longivostTis Knowlton
Abies spp.
Piaea tahontensis MacGinitie
Picea magna MacGinitie
Pinus fiovissanti Lesquereux
Pinus montiootensis Berry
PiniAS wheeZeri Cockerell
Pinus spp,

Taxodiaceae
SeqxAoia affinis Lesquereux

Angiospermae (Monocotyledoneae)
Typhaceae
Typha sp,
9

10

Cyperaceae
C y p e i*a (y ite s cf. Z a c u s tv -ts MacGinitie

Angiospermae (Dicotyledeneae)
Betulaceae
A tn x is h e Z m V 'iZ Z e n s'is n. spo
A Znus v e Z a ta

(Knowlton) Brown

Fagaceae
F a g u s drum m o nd ensi-s n.

sp.

Q uevous G O ns'tm iZ 'ts Newberry
QuevGUS G on vexa Lesquereux

Ulmaceae
ZeZk.ova O T e g o n ia n a

(Knowlton) Brown

UZnms s p ,

Berberidaceae
M ahonda Z 'tm 'ird v u Z i- Becker
M a h o n 'ta s p p .

Saxifragaceae
E dhe s a iœ a tim Becker

Rosaceae
C erG O G arpus a n t iq u u s

Lesquereux

CevGOGarpus m tZ Z e rd n . sp.
R osa h iZ Z ia e

Lesquereux

Am eZanG h'iei* S G uddeT'i Cockerell

Anacardiaceae
A s ’t i*o n 'iu m t T u n o a t im

(Lesquereux) MacG

11

Aceraceae
Acer* cf. f t o v i s s a n t ' l Kirchner
Aoev sp,

Lauraceae
L 'in d e r a o o to r a d 'ù c a MacGinitie

Incertae cedis
P a n a x a n d v e w s 'i'i Cockerell

This florule consists of 14 families, 21 genera, and 25 identifiable
species.
Since many of the species were based on single or very few specimens
no quantitative study was made.

The bulk of the specimens were of various

conifer remains, particularly seeds and needles, which are produced in
large numbers and could conceivably result in an over-representation of
these plants.

12

TABLE I

NUMERICAL REPRESENTATION OF GENERA AND SPECIES IN THE
DOUGLASS CREEK BASIN

Family

Genera

Pinaceae

3

Rosaceae

3

Fagaceae

2

Betulaceae

1

Ulmaceae

2

Berberidaceae
Aceraceae
Saxi fragaceae
Anacardiaceae
Lauraceae
Taxodiaceae
Typhaceae
Cyperaceae
Equisetaceae

Species

CHAPTER V

ECOLOGICAL ASPECTS OF THE DOUGLASS CREEK FLORULE

Due to the small numbers of plants represented in the Douglass Creek
florule, only general ecological relationships can be interpreted.
The florule can be roughly divided into five floral zones according
to Becker (1961):

HYDROSERE
C yp e T a c -ite s cf. la c u s t v 't s
E qu-isetum s p .
T ypha s p .

FLOOD PLAIN
A tn u s v e l a t a
A c e r cf. f l o T 'l s s a n t 'i
R osa h t t t i a e
Z e tk o v a o rego n'La na

DECIDUOUS FOREST
A s tro n 'iu m tru n c a tio n
Q u e rcu s c o n s tm i Z-is

CONIFEROUS FOREST
A h te s

Z a t'io a r p a

AhZes Z o n g i r o s t r t s
PZcea Z o h o n te n s ts
P to e a magna
P tn u s m o n ttc a Z e n s ts
PZnus w heeZev't
S e q u o ta a f f t n t s

14

XERIC ASSOCIATION
Cercocarpus antiquus
Quercus convexa
Rib es auratum
Mahonïa linrCrivul'i
Amelanchier scudderi

The floristic association with the emphasis on the hydrosere and
flood plain, and coniferous forest associations suggests a relatively
high altitude cool-temperate habitat (sensu Wolfe and Hopkins, 1967) with
the xeric association possibly existing on the west and south facing
slopes.

From the considerations of the presumed topography and flora at

the time of deposition one would be prone to consider that the conifers
were dominant on the majority of the slopes with the xeric association
on the drier south and west facing slopes, and the hydric and flood plain
plants either on the lake edge or in the streams draining into the lake.
Comparison of the floral list with present floras (Table II) indi
cates strongly a cool-temperate climate such as exists in the region
today with a temperature range similar to the present but probably more
humid as indicated by Ah'teSy R -icea^srA . Sequoda»
These assumptions are based on very broad generalities and this
point must be remembered as many factors can be involved in a plant get
ting from the place of growth tb the basin of deposition.

Since many

species are based on one specimen, ecological assumptions for the whole
area based on the evidence of one specimen are at the very best quite
suspect.
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TABLE II

COMPARISON OF THE DOUGLASS CREEK FLORULE WITH LIVING FLORAS

m
D

CO

M

D

Douglass Creek Species

Closest living relative

w

Abies taticarpa

A. magnifioa

X

Abbes longivostrbs

A, Venus ta

X

Piaea tahontensis

P. engetmanni

X

Picea magna

P. noeveitohii

Pinus ftorissanti

P. pondevosa

X

Pinus montiootensis

P. montioota

X

Pinus wheetevi

P. stvobifovnris

X

Sequoia affinis

S. sempevvivens

X

Atnus Tetata

A. mavitima
A. japonioa

X

Q- stenophytta

X

Quevous oonsinri tis
Quevous oonvexa

engetmanni

CO

CO

D

D

g

CO

8
-iH
X

(tJ
■H S
é < CO

X

X

X

^etkova ovegoniana

2. sevvata

X

^mhonia timivivuti

M. fovtunei

X

Rib es auvatum

R, aiœeum

X

Cevoooavpus antiquus

C. betutoides

X

Rosa hittiae

P. patustvis

Ametanohiev souddevi

A. atnifotia

Astvonium tvunoatum

A. fvaxinifotia

Aoev cf. ftovissanti

A. vubvum

X

Lindeva ootovadioa

L, benzoin

X
3

X
X

X

X

11

1

1

4

1

CHAPTER VI

AGE OF THE FLORULE

The Douglass Creek beds were treated as lowermost Oligocene
(Chadronian) by Konizeski (1961) based on vertebrate and invertebrate
evidence, but the plants indicate cooler conditions than are generally
thought to have existed in early Oligocene time.
Comparison of the Douglass Creek florule with other Tertiary floras
(Table III) reveals the greatest overlap with the Ruby Valley Paper Shale
flora (65%), the Beaverhead Basin flora (55%), and the Florissant flora
of Colorado (45%) which are of middle to late Oligocene in age.

These

percentages sinclude such genera as Equiseturris Typha^ and Cypevao'ites^
which are common to all three floras.

The Douglass Creek florule has an

average of 31% of its species in common with all the Oligocene floras (8
mainly middle to upper), 19% in common with all the Miocene floras (5),
9% in common with the Eocene floras (3), and 3% in common with the Pliocene
floras (2) compared.

Becker's (1961) "paleobotanical triangulation"

method would place the florule in the middle Oligocene to middle Miocene
range o
Further evidence for this age range comes from a comparison of per
centages of entire margined leaves (Bailey and Sinnott, 1915, 1916).
Entire margined leaves are characteristic of woody dicots living in
tropical, xeric-temperate, and arctic regions, that is, in regions of
physiological aridity for the plant during most of its growing season
(Wolfe and Hopkins, 1967).
more humid floras.

Conversely, non-entire leaves are found in

This method is particularly useful because there are

16
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no taxonomic considerations; only the type of margin is considered.

The

Douglass Creek Basin florule has an entire margin leaf percentage of
approximately 12,5% which represents cool-temperate conditions according
to Wolfe and Hopkins (1967).

By examining Wolfe and Hopkin's graph (Fig. Ill)

we see that the early to middle Oligocene floras plotted have an average
percentage of entire margined leaves of about 60%.

This curve takes a

drastic drop to 25-30% in the middle Oligocene and remains more or less
constant (varying between 25-40%) through the lower Pliocene,

Although

the Douglass Creek percentage is well below these percentages, one possible
explanation for the discrepancy is the fact that the Douglass Creek
florule is probably an upland flora while the majority of the floras
plotted are from the basin-range province and tend to be low altitude
floras (i.e. Eastern Oregon, Eastern Washington, and Nevada).

While the

floras of the Florissant beds and the Ruby Valley Paper Shale beds were
not plotted by Wolfe and Hopkins, they show a 45% and 25% entire margin
percentages respectively which fit into this graph nicely and further
demnostrate that the graph is applicable to Rocky Mountain floras as well
as those further west.
The wide discrepancy between the 12.5% entire margin percentage for
the Douglass Creek Basin and the 60% entire margin percentage for the
lower Oligocene definitely excludes the Douglass Creek florule from the
lower Oligocene and would again tend to place it in the middle Oligocene
to middle Miocene range.

Thus by the two methods, "paleobotanical tri

angulation" and leaf margin analysis, an age of middle Oligocene to middle
Miocene is indicated.

Lacking stratigraphie evidence, no further age

delineation can be made.
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CHAPTER VII

SYSTEMATIC DESCRIPTIONS

Type specimens are deposited in the University of Montana
Paleontological Collection ( U. Mont. P.C.).

Div. TRACHEOPHYTA
Sub. Div. SPHENOPSIDA
Class Equisetineae
Earn. Equisitaceae
Genus Equisetum Linnaeus
Equisetum sp,

(Plate 1, figs. 4-5)

Two specimens of Equisetum were found at the Douglass Creek local
ity.

One is a piece of a rhizome 1.0 cm. long with a branch 1.5 cm. long

with grooved ridges and furrows.

Pointed leaves are whorled at the nodes

The second specimen is a single unbranched stem 5.0 cm. long with leaves
whorled at the nodes.

Absence of more diagnostic material makes it

inadvisable to assign a specific name to these specimens.
Mont. P.C. #814, P.C. #815.
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Hototype U .
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Sub. Div. PTEROPSIDA
Class Gymnospermae
Fam, Pinaceae
Genus Ab'ies Miller
Ab-ies lat'lcanpa MacGinitie

(Plate 1, fig. 10)
Abi.es laticaTpus MacGinitie, 1933. C a m .

Inst. Wash. Pub. 416, p. 47

pi. 3, fig. 1.
A seed 1.0 cm. long and
this species.
The

4 mm. wide and apically acute is referred to

The wing is 7 mm. long and 8 mm. wide at its widest point.

seed is similar to those described by MacGinitie in 1933 except for

thefact that the seed is slightly smaller overall.
These seeds are generally considered to be closely related to Abies
magnifioa Murr whose present distribution is identical to its fossil

distribution except for a small portion.

Hypo type : U. Mont. P.C. #828.

Abies longirostris Knowlton

(Plate 1, figs. 6-8)
Abies longirostris Knowlton, 1923. U.S. Geol. Survey Prof. Paper 131,

p. 187.--MacGinitie, 1953. C a m . Inst. Wash. Pub. 599, p. 82, pi. 18,
fig- 8.
The seeds are 7 mm. long and 3-4 mm. wide, apically acute and
broadening distally.
point.

Wings are 7-8 mm. long and 8 mm. wide at the widest

The wing is constricted slightly where it joins the seed body.
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The Douglass Creek specimens are very similar to the material of Becker
(1969) and MacGinitie (1953) .
This fruit is considered to be most closely related to the living
Abies venusta Douglas.

This fossil Abies appears to have been widely

distributed during the Tertiary.

Hypo type : U. Mont. P.C. #829, P.C. #830,

P.C. #831.

Abies sp.

(Plate 1, figs. 11-16)

Six needles ranging in size from 12-16 mm. long and 2 mm. wide (one
large specimen, though incomplete, is 25 mm. long) are referable to the
genus Abies, but no further delineation is possible.

HoZotypes: U. Mont.

P.C. #832, P.C. #833, P.C. #834, P.C. #835, P.C. #861, P.C. #879.

Genus Picea Link
Picea lahontensis MacGinitie

(Plate 1, fig. 17)

Picea lahontensis MacGinitie,1933. Cam,

Inst. Wash. Pub. 416, p. 46,

pi. 3, fig. 4.

The seeds found in the Douglass Creek basin are referableto those
specimens shown in Becker (1961, pi. 5, fig. 40)
MacGinitie's Florissant material (1953).

and thoseshown in

The seeds are broadly wedge

shaped and are 8 mm. long and 4-5 mm. wide at the widest point.
wing broadens and is obliquely rounded.
and 2 mm. wide.

The

The seed body is 2-4 mm. long

Hypotype: U. Mont. P.C. #829.
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Picea magna MacGinitie

(Plate 1, figs. 18-21)

PirCea magna MacGinitie, 1953. Carn. Inst. Wash. Pub. 599, p. 83, pl. 18,

figs. 5-7.

The seeds are oval and 3-4 mm. long and 2-3 mm, wide.

The wings are

7-8 mm. long and 4-5 mm. wide and broadly rounded at the end.

Though

somewhat smaller then MacGinitie's (1953) specimens, they are quite
comparable.
These "snub nosed" seeds are readily distinguished and are very
widely found in the Tertiary floras of Idaho and Oregon.

They are

thought to be most closely related to the living P'icea noeve'ttoh't't
Masters now living in the mountains of China.

Hypotypes :

U. Mont.

P.O. #836, P.O. #837, P.C. #838, P.C. #839.

Genus Pi-nus Linnaeus
Pvnus ftor^'issant'l Lesquereux

(Plate 1, figs. 27-28)
Pinus ftoni^ssant-i Lesquereux, 1883. U.S. Geol. Survey Terr. Re^t.,

vol. 8, p. 138, pi. 21, fig. 13.
Seeds referable to Pi-nus fZoT%ssant'l were found in the Douglass Creek
Basin.

The seeds are 5 mm. long and 3 mm. wide and the seed and wing is

2.5 cm. long which agrees with MacGinitie's material.

No leaves or cones

were found.
MacGinitie feels that P. fZonissant'i is extremely close to the living
P. ponderosa.

Hypotypes: u. Mont. p.c. #867, P.C.#868.
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P'lnus mont'LQotens'is Berry

(Plate 1, figs. 24-25)

Pinus montieolensis Berry, 1929.

U.S. Geol. Survey Prof. Paper 154,

p. 238, pi. 49, fig. 8 only.
PinviS latahensts Berry, 1929, U.S. Geol. Survey Prof. Paper 154, p. 238,

pi. 49, fig. 7,

One fascicle of five needles was found with needle length of 36 mm.
which compares favorably with Becker's material (1961, pi. 8, fig. 8)
except for its shorter size.

Some of the needles in the Douglass Creek

material appear to have broken off and this could account for the shorter
length.
One reason for placing this five needle fascicle in F. mont'lootens-is
is that seeds referable to this species were also found in the Douglass
Creek florule and therefore substantiate the presence of F. mont'iooZens'is
in the Douglass Creek Basin.
wide at the widest point.

The seed and wing is 18 mm. long and 6 mm.

The seed body itself is 5 mm. long and 4 mm.

wide and agrees favorably with Becker's (1961) material.
U. Mont. P.C. #842, P.C. #843.

Hypotypes:
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Pinus wheeVev'l Cockerell

(Plate 1, figs. 22-23)

P'lnus wheeZer*i Cockerell.

Bull. Amer. Mus. Nat. Hist., vol. 24, p. 78,

pi. 6, figs. 5, 11, 1908.
Pinus tutameenensis Penhallow.

Rept. Tert. Plants Brit. Columbia, p. 73,

text fig. 34, 1908.
Pinus ydleostvobus Lesquereux

(not Heer) Rept. U.S. Geol. Surv. Terr.,

vol. 7, p. 83, pi. 7, figs. 25, 31, 1878.

A fascicle of five needles with needle length of 31 mm. (incomplete)
was found that is similar to MacGinitie's specimen (1933, pi. 18, fig. 11)
The needles appear to be robust and the short shoot is pronounced.
MacGinitie feels that P. wheeZevi is synonomous with P. monticoZensis
and P. tuZameenensis^ but the author feels there is enough justification
for keeping these as separate species.
A seed of P. wheeZevi was found that is quite similar to those
pictured in Becker (1969, pi. 6, figs. 22, 23).

The nutlet is small

(3 mm. long and 2 mm. wide) and the wing is long and narrow— 15 mm.long
and 5.5 mm wide.

Hypotypes:

U. Mont. P.C. #840, P.C. #841.

Pinus spp .

(Plate 1, figs. 29-32)

Species A: Whole and partial fascicles of Pinus were found with 2-3
needles per fascicle.
a complete specimen.

The needles are up to 27 mm. and 0.5 mm. wide for
One incomplete specimen is 24 mm. long and 0.5 mm.
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wide.

They differ in length from Becker's specimens (1969, pi. 9, figs.

2, 9) and appear to be more delicate.

Species B : One fascicle containing 2 needles is 32 mm, (incomplete)
and 2 mm. wide and appears quite robust.

It bears close resemblance to

MacGinitie's F'inus wheeZevv except for the 2 needles, possible the other
2 needles were lost in transport.

Species C:

A branch with many needles was found, but it is imposs

ible to determine the number of needles per fascicle.

It bears close

resemblance to MacGinitie-s P'lnus hoiribeoh'i except for its shorter
length.

It also appears close to P'lnus tuZameenens'ls Penhallow as

pictured in Arnold (1955).

Needles range in length from 25-35 mm, and

3mall short shoots are evident on the stem of the specimen.
U. Mont. P.C. #869, P.C. #870, P.C. #877, P.C. #871.

Holotypes :
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Fam. Taxodiaceae
Genus. SeqiiO-ia Endlicher
Séquoia affinis Lesquereux

(Plate 2, figs. 1-3)

Sequoia affinis Lesquereux, U.S. Geog. and Geol. Surv. Terr., Ann.

Rept. for 1874, p. 310, 1876;

Bull. U.S. Geog. and Geol, Surv.

Terr., Vol. I (for 1875), p. 384. 1876:

Rept. U.S. Geol. Surv.

Terr., Vol. 7, p. 75, pi. 7, figs. 3-5; pi. 65, figs. 1-4, 1878.
Sequoia 'Langsdovfii Lesquereux,

(not Brongiart) , Rept. U.S. Geol. Surv.

Terr., Vol. 7, p. 76, 1878.

Gtyptostvobus ungeri (?) Lesquereux, (not Heer), Rept. U.S. Geol. Surv.

Terr., Vol. 8, p. 139, pi. 22, figs. l-6a, 1883.
Sequoia haydenii (lesquereux) Cockerell, Science, vol. 26, p. 447, 1907;

Bull. Amer. Mus. Nat. Hist., vol. 24, p. 78, pi. 10, figs. 4-8, 1908.

Heydevia cotoradensis Cockerell, Science, vol. 26, p. 447, 1907; Popular

Science Monthly, vol. 73, p. 122, text fig., 1908.

Gtyptostrobus europaeus Berry,

(not Brongiart),

U.S. Geol. Survey Prof.

Paper 185, p. 103, {Sequoia affinis Lesquereux only), 1934.

Sequoia affinis Lesquereux by H. V. Smith, Amer. Midland Naturalist,

vol. 25, p. 493, pi. 2, figs. 1, 6, 1941. — Chaney, Trans. Amer.
Philos. Soc., new ser., vol. 40, pt. 3, p. 231, pi. 1, fig. 2;
pi. 3, figs. 2-4; pi. 4, figs. 3, 4, 7; pi. 6, fig. 6; pi. 7, figs, 7-9;
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pl. 8, figs. 10; pl. 12, figs. 3, 4. 1951.

Sequotoocyton pearsalt%t

Andrews, Ann. Missouri Bot. Gard., vol, 23, p.

440, text fig. 1, 1936

The leaves are linear.
7-10 mm.

The maximum length of the leaves is about

Leaves are both appressed

and apparently two

ranked. Ovulate

cones are small, ovoid, and about 1 cm. in diameter.
The Douglass Creek material is

comparable for all

poses with the material from Florissant.
very similar.

intents and pur

Both the leaves and cones are

It is very difficult to distinguish sterile foliage of

Gtyptostrobus and Sequota, but on the basis of cones, the author feels

that the Douglass Creek material is S, affinis•

S, affinis makes up the

greatest number of specimens in the Douglass Creek florule.

The distrib

ution of S, affinis is widespread during the Oligocene and the reader is
referred to Chaney's monograph on the fossil species of Sequoia^ Taxodium^
Metasequoiaj and Gtyptostrobus.

P.C. # 872, P.C. #876.

(1951).

Hypotypes:

U. Mont. P.c. #855,
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Fam. Typhaceae
Genus. Typha Linnaeus
Typha sp,

(Plate 1, fig. 3)

Fossils representing Typha are represented by numerous impressions
with parallel venation, ranging in size from 11 cm. long and 5 mm. wide
to 4.5 cm. long and 3 cm. wide.

The specimens are too poorly preserved

to be assigned to the specific level.

Eolotype: U. MOnt. P.C. #812.
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Fam. Cyperaceae
Genus. Cypei*a<yites Schimper
Cyperacites cf. lacustris MacGinitie

(Plate 1, fig. 9)

Cyperaoïtes cf. taoustri^s MacGinitie, 1953.

Carn. Inst. Wash. Pub. 599,

p. 92, pl. 17, fig. 2.

The specimens of Cyperao'Ùtes found at Douglass Creek are comparable
to the specimens found at Florissant.

Most of them are small fragments,

but fit within the sizes given by MacGinitie.
which are 3-7 mm. apart.

Roots diverge from nodes

There are possibly more than one species rep

resented here, but preservation is not sufficient to delineate them
further.

Hypo type:

U. Mont. P.C. #813.
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Fam. Betulaceae
Genus. AZrvus Ehrhart
Atnus TeZata (Knowlton) Brown

(Plate 2 f figs. 5-7)
Atnus Tetatus (Knowlton) Brown, 1937.

U.S. Geol. Survey Prof. Paper 186

p. 170, pi. 49, figs. 1-6.
The leaves are lanceolate to eliptical.

The apices are acute to

rounded (damaged?) and the base is slightly rounded.
4.5 cm. long and 1.8 - 2.0 cm. wide.

The blade is 4.2 -

The petiole is 0.8 cm. long.

Six

to seven pairs of secondary veins diverge at an angle of approximately
60° and curve toward the apex and are opposite to alternate.
venation is not preserved.

Secondary veins

Tertiary

enter the teeth directly

where visible. The margin is serrate.
This species contains many forms of what appear to be a single
species (Becker, 1961).

The Douglass Creek specimens fit very well

into the general description given by Becker (1961) for this specieso
Many specimens from the Douglass Creek Basin were preserved only
sufficiently to be positively identified as 4. v e t a t a , but only two or
three were preserved sufficiently to be described and photographed.
H y p o ty p e s :

U. Mont. P. C. #854, P.C. #858, P.C. #859.
Atnus hetmv'ittens'is sp. nov.

(Plate 2, fig. 4)
The leaf is obovate and approximately 3.5 cm. long and 2.3 cm.
wide at the widest point. The petiole is 1,0 cm. long.

The base is

32

acute and the margin is serrate with numerous teeth.
damaged, but appears to have been acute to rounded.

The tip has been
Five pairs of

secondary veins diverge alternately at an angle of about 50^ and are
craspedromous.

Tertiary venation is not preserved.

robust as are the secondaries.

Eolotype:

The midvein is

U. Mont. P.C. #851.
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Fam. Fagaceae
Genus. QueTOus Linnaeus
QueTQUS c o n s 'im iZ 'is Newberry

(Plate 2, figs. 9-11, 13, 14; Plate 3, fig. 1)
QueTCUs oonvexa Newberry, 1883. U.S. Nat. Mus, Proc., vol. 5, po 505;

1898.

U.S. Geol. Surv. Mon. 31, p. 71, pi. 43, figs. 2-5.— Brown,

1937.

U.S. Geol. Surv. Prof. Pap. 186, p. 172, pi. 50, figs. 2-5.

Castanops'is oonsi-miZ'ts (Newberry) Brooks, 1935. Carn. Mus. Ann., vol.

24, p. 285; pi. 6, fig. 2; pi. 7, figs. 3, 4; pi. 8, figs. 1-5;
pi. 9, figs. 4, 5; pi. 10, figs. 4, 5; pi. 17, fig. 1; pi, 20, fig. 5
The Douglass Creek specimens are very similar to Beckers material
(1961, pi. 17, figs. 4-7) but tend to be 2-3 cm. shorter.
in length with Graham's Sucker Creek flora (1965).

They agree

The Douglass Creek

specimens range in length from 4-6.7 cm. while Becker's specimens are
generally in the 9-10 cm. range.

Other than this size difference, the

Douglass Creek material is quite similar to the Ruby Valley material.
Hypotypes:

U. Mont. P.C. #817, P.C. #818, P.C. #819, P.C. #820, P.C.

#821, P.C. #856.
Quevcus oonvexa Lesquereux

(Plate 2, fig. 12; Plate 3, figs. 2, 4)
QueTOUS oonvexa Lesquereux, 1878.

Harvard Coll. Com. Zool. Mem., vol. 6,

no. 2, 4, pi. 1, figs. 13-17 ; 1883.

U.S. Geol. Surv, Terr. Rept.,

vol. 8, p. 265, pi. 45b, figs. 5,6.— Axelrod, 1939. Carn. Inst. Wash.
Pub. 516, p. 95, pi. 7, figs. 3-7; 1950.

Carn. Inst. Wash. Pub. 590,
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p. 204, pl. 5, figs. 2, 3, 6.— Condit, 1944.

Carn. Inst. Wash.

Pub. 553, p. 76, pi. 14, figs. 2, 3, 5, 6.

The leaves are obovate to oblong.

One entire specimen is 3.5 cm.

long and 1.5 cm. wide at its widest point.

The leaf base is acute to

cuneate and the apex is obtuse to mucronate. The

leaves have entire

margins, pronounced midribs and the secondary veins are alternate to
subopposite.

These specimens are very similar to the Ruby Valley

material of Becker (1961) , but as in the case of Quevous cons'imiZ'is are
generally 1.0 to 2.0 cm, shorter.

Hypotypes:

U. Mont. P.C. #822, P.C.

#823, P.C. #824.

Fagus drummondensts sp. nov.

(Plate 2, fig, 8)

The leaf of this species of Fagus is elliptical and 8.5 cm. long
by 3.7 cm. wide.

The petiole is 0.6 cm, long and the base is acute.

The apex appears damaged, but appears to have been acute to acuminate.
12 pairs of secondary veins diverge suboppositely to alternately at
angles

of approximately 35-40^ and are craspedromous.

The margin

is crenate to serrate and the teeth recurve strongly toward the apex.
Tertiary venation is net.

HoZotype:

U. Mont. P.C. #852.
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Fam. Ulmaceae
Genus. ZeVhova Spach
ZeVkova oregon-iana (Knowlton) Brown

(Plate 3, fig. 6)
ZeVkova OTegorvtana (knowlton) Brown, 1937.

U.S. Geol. Survey Prof,

Paper 186, p. 173, pi. 51, figs. 11-15.
The leaf is lanceolate and is 5.1 cm. long and 2.0 cm. wide at its
widest point.

The base is rounded and is highly asymmetrical.

is acuminate.

The petiole is 0.8 cm. long and robust as is the primary

vein.

The apex

Approximately 14-16 secondary veins diverge suboppositely at angles

of about 75*^ and are craspedromous.

The margin is highly eroded, but

appears to have been serrate to crenate.

Tertiary venation is not

preserved.
Becker's specimens of 2. or*egon'tana have only 6-10 pairs of
secondary veins, but Wolfe (1964) describes a specimen with 14-16 pairs
of secondary veins and his figures are comparable to the Douglass Creek
specimen.

Zetkova seems to have had its greatest range during Oligocene

and Miocene times, but since then it has steadily decreased its range.
Hypotype:

U. Mont. P.C. #853.
G e n u s . UZmus Linnaeus
Utmus s p .

(Plate 3, fig. 3)
A small leaf fragment was found that should probably be placed in
this genus.

The leaf fragment is 3.4 cm. long and 1.8 cm. wide.

The
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base is obtuse and the overall leaf appears to be oval. The margin is
serrate, and the secondary veins diverge at an angle of about 45° and
sometimes bifurcate before entering a tooth, but only in a few instances
The petiole is 5 mm, long and appears to be robust.
The specimen bears close resemblance to the i/ZmziS species pictured
by MacGinitie (1953), but due to the fragmentary nature of the Douglass
Creek specimen the author feels that it is inadvisable to assign it to
a species.

HoZotype:

U. Mont. P.C. #849.
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Fam. Berberidaceae
Genus. Mdhon'ta Nuttall
Mahon-ia t'imiT'ivut'i Brown ex Becker

(Plate 3, fig. 5)

Mahon'ia Z'inriT'lvut't Brown ex Becker, 1962.

Bull. Torrey Bot. Club, vol.

82, no. 2, p. 117, fig. 3 (fig. 4 is a reconstruction of fig. 3).

Mdhon'ta gTont'tana Brown ex Becker. Ibid., p. 116, fig. 1.

The leaf is elongate, inequalateral, and slightly curved.
specimen is 3.5 cm. long and 1.7 cm. wide at its widest point.
is acuminate and the base is concavely rounded.

The
The apex

Marginal teeth are 10 in

number and are approximately 5 mm. long and directed upward and are spinose
The very weak primary vein and secondary veins are very indistinct.
This specimen is very close to Becker's (1961 pi. 25, fig. 13) speci
men, being slightly smaller and having more teeth.

Becker’s specimens

have teeth numbers ranging from 2-6 so 10 is within reason for this
species.

Therefore the author feels that this specimen fits well within

the possible morphologic range for this species.

Hypotype: U. Mont. P.C.

#873.

Mahon'ia spp,

(Plate 3, figs. 7-8)

Another specimen possibly referable to M, I'imirdvuli is very poorly
preserved and appears to have been badly battered before preservation so
that the author feels that this specimen can best be called Mahon'ia s p .
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One other specimen is also too poorly preserved to be assigned a
definite species name, but the general outline of the leaf sugggests that
it is closest to M. s'imptex (Newberry) Arnold, but the author prefers to
leave it at Mahon'ia sp. for the present.
P.C. #875.

Holotypes:

u. Mont. P.C, #874,
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Fam. Saxifragaceae
Genus. Ribes Linnaeus
Ribes auratian Becker

(Plate 3, figs. 9-10)

R-ibes auratian Becker.

.

1961, Geol. Soc. Amer. Mem. 82, p. 70, pi. 20,

fig. 13.

The leaf is broadly obovate and is three lobed.
to acute.

The base is cuneate

The leaves are 1.5 to 2.0 cm. long and 1.5 to 2.3 cm. wide at

their widest points.

The venation is palmate and the secondary veins are

distinctly upward curving and craspadromous.

The petiole is 7 mm. long.

Except for the slightly larger size and being more acute at the
base, the Douglass Creek specimens are comparable to Becker's specimens
(1961).

The author feels that specimens from the Douglass Creek Basin

fit within the limits of this species.
P.C. #847.

Hypotypes:

u. Mont. P.C. #846,
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Fam. Rosaceae
Genus. CerQOoavpus Humboldt, Bonpland, et Kunth
Ceraocarpus antïquus Lesquereux

(Plate 3, fig, 12)

Cercooarpus antiquus

Lesquereux, 1978. Mem. Harvard Mus. Comp. Zool.,

vol. 6, no. 2, p. 37, pi. 10, figs. 6-10.— Axelrod, 1944, Carn. Inst
Wash. Pub. 553, p. 256, pi. 43, figs. 3, 4;

Univ. of Cal. Publ.

Geol. Sci., vol. 33, p. 229, pi. 28, figs. 12, 14.

Cercooarpus ouneatus Dorf, 1937.

Carn. Inst. Wash. Pub. 412, p. 98,

pi. 4, fig. 4.

One poorly preserved specimen evidently belongs to this species.
The leaf is 2.6 cm. long and 8 mm. wide.

It is lanceolate and the

margins tend to be parallel and decurrent to the base of the petiole.
Secondary veins, though very poorly preserved, are sharply ascending.
Though smaller than Becker's material, I feel that it is still within
the limits of this species.

Hypotype:

U. Mont. P.C.

#848.

Cercooarpus nrlllert sp. nov.

(Plate 3, fig. 11)

The leaf is 4.2 cm. long and 1.7 cm. wide.
a rounded apex and an acute base.

The leaf is oblong with

6-9 pairs of secondaries arise at an

angle of about 45*^ and go to the serrate margin— each ending in a tooth.
The teeth are 18 in number and are quite pronounced.
approximately 0.8 cm. long.

The petiole is

Tertiary venation is not preserved.
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Description of this leaf was quite difficult since evidently two
leaves of the same species were superimposed prior to fossilization.
Eolotype:

U. Mont. P.C. #860.

Genus. Rosa Linnaeus
Rosa Inilltae Lesquereux

(Plate 3, figs. 14-19)

Rosa hllViae Lesquereux, 1883, U.S. Geol. Survey Terr. Rept., vol. 8,

p. 199, pi. 40, figs. 16, 17;--MacGinitie, 1953, Carn. Inst. Wash.
Pub. 599, p. 121, pi. 41, fig. 3; pi. 42, fig. 4; pi. 49, fig. 6.

Several rosaceous leaves of unknown species identity are placed in
this form genus (MacGinitie, 1953).

The leaves range in length from 1-

2.4 cm. for complete specimens and one incomplete specimen is 2.7 cm.
long.

Widths range from 1-2 cm. (the 2 cm. size is for the incomplete

specimen).

The margins are serrate and all have distinct petioles which

average about 0.5 cm, in lenth.
The number of specimens of R. h-illtae collected at the Douglass
Creek Basin was second only to the number of specimens of Sequoia affinis
collected.

Hypotypes:

U. Mont. P.C. #861, P.C. #862, P.C. #863, P.C.

#864, P.C. #865, P.C. #866.
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Genus. A m eZanohieT Medicus
AmeZanoh'teT s o u d d e i^ Cockerell

(Plate 3, fig. 13)

AmeZanchier soudderi Cockerell, Bull. Torrey Bot. Club., vol. 33, p. 310,

text fig, 4, 1906.

AmeZanchier perituZa Cockerell, 1908, Bull. Amer. Mus. Nat. Hist., vo l , 24,

p. 95, pi. 6, fig. 6.

AmeZanchier grayi Chaney, 1927, (part), Carn. Inst. Wash. Pub. 346, p. 120,

pi. 14, figs. 3-5.— MacGinitie, 1933, Carn. Inst. Wash. Pub. 416, p.
58.

VZanera ungeri Lesquereux, 1978,

(not Heer), Rept. U.S. Geol. Surv. Terr,,

vol. 7, p. 190, pi. 27, fig. 7.

The leaf is obovate to ovate, length is 3.5 cm., width is 2,2 cm. at
the widest point.
is missing.

The apex is broadly rounded and the assumed acute apex

The base is cuneate and the margin is coarsely serrate in the

upper two-thirds of the leaf.
terminal apiculation.

The teeth are broadly triangular with

Six pairs of opposite or subopposite secondary

veins diverge at an angle of approximately 45°.
veins enter the marginal teeth.

Branches of the secondary

Tertiary venation is not preserved.

The Douglass Creek specimen is similar to the Florissant specimen
(MacGinitie, 1953, pi. 50, fig. 2) except for a possible missing apical
point on the Douglass Creek specimen.

Hypotype:

U. Mont. P.C. #816.
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Fam. Anacardiaceae
Genus. A stT o rvium Jacquin
A s t v o n iim

t r u n o a t im

(Lesquereux) MacGinitie

(Plate 3, fig. 20)

Astroniimj truneatum (Lesquereux) MacGinitie, 1953,Carn. Inst. Wash,

pub. 599, p. 133, pi. 38, figs.

Parana tenuis Lesquereux, 1883.

p. 173.— Knowlton, 1916.

1, 2; pi. 48, fig.

5,

U.S. Geol. Survey Terr. Rept., vol. 8,
Proc. U.S. Nat. Mus., vol. 51, p. 286,

pi. 27, figs. 4-6.— Brown, 1940.

Wash. Acad. Sci. Jour,, vol. 30,

p. 353.

Parana cackerettt Knowlton, 1916, Proc. U.S. Nat. Mus. vol. 51, p. 287,

pi. 27, fig. 3.

A single calyx was found at Douglass Creek that is identical to that
found at Florissant (MacGinitie, 1953).
sepals, 10-13 mm, long and 5-6 mm. wide.
scar 2 mm. in diameter in the center
attachment.

H y p a ty p e : U. Mont. P.C.

The calyx consists of five oblong
They are distincly veined.

of the calyx shows thepoint
#811.

A

of seed
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Fam. Aceraceae
Genus. Acer Linnaeus
Acer cf. ftorissanti Kirchner

(Plate 4, fig. 1)

Acer ftorissanti Kirchner, 1898, Trans. Acad. Sci. St. Louis, vol. 8, p.

181, pi. 11, fig. 1.

Acer mysitcvm Kirchner, ibid., p. 181, pi. 11, fig. 2.

Acer perditwn Cockerell, 1908, Amer. J. Sci., ser. 4, vol. 26, p. 65,

text fig. 16.

Acer ftorigerwn Cockerell^ ibid,, p. 66, fig. Ic.

Acer kirchnerianum Knowlton, 1916, Proc. U.S. Nat. Mus., vol. 51, p. 282.

One badly eroded leaf 4.0 cm. long by 3.0 cm. wide is tentatively
assigned to this species.
veins.

It is palmately veined with three very distinct

Secondary veins arise at right angles from the primary veins.

The specimen appears to have been three lobed, but it has been badly eroded
so as to obscure this feature.
Except for a slightly different base (the Douglass Creek specimen
has an acute base, while the Florissant specimen has a rounded base) the
Douglass Creek specimen is quite comparable to MacGinitie's specimen
(1953, pi. 58, fig. 2).

Since the Douglass Creek specimen was poorly

preserved, this could account for the apparent change in basal morphology.
H yp o typ e :

U. Mont. P.C. #857.
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A oer sp,

(Plate 4, fig. 2)

One very poorly preserved samara has enough preservation to be
placed in this genus.

The samara is 2.8 cm. long and approximately

6-8 mm. wide and is thickened along the upper edge of the wing.
E o lo ty p e :

U. Mont. P.C. #850.
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Fam. Lauraceae
Genus. Li-ndera Thunberg
Lindera cotoradïaa MacGinitie

{Plate 4, figs. 3-5)

Lindera coloradica MacGinitie, 1953,

Carn. Inst. Wash. Pub. 599, p. 112,

pi. 35, fig. 2.

The Douglass Creek specimens consist of one complete specimen 4 cm.
long and 1.8 cm. wide, and two partial specimens, one of which is compar
able to the complete specimen and the other is larger being 3.5 cm. long
and 2.8 cm. wide and appears to be within the size range of MacGinitie's
specimen (1953).
rounded.

The margins are entire and the preserved apices are

The base is acute and the petiole is short (0.5 cm.) and slender

The midribs are pronounced but are slender and gently tapering.

5-7 pairs

of secondary veins diverge irregularily at an angle of about 50^, open
distally.

Some secondary veins branch well within the margin and all the

secondary veins are camptodromus. Tertiary venation is not preserved.
H yp o typ e s:

U. Mont. P.C. #825, P.C. #826, P.C. #827.
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Incertae Cedis
Panax andrews'iï Cockerell

(Plate 4, figs. 6-7)
Panax andTews'i'i Cockerell, 1908, Amer. Naturalist, vol. 42, p. 581, text

fig. 12.
The Douglass Creek specimens are obovate, 3-5 cm. long and 1.9 cm.
wide.

The bases are cordate and the apices are rounded.

are comparable to MacGinitie's specimens (1953).

These specimens

The margins are serrate

and the petiole is short, 2 ram. long.
MacGinitie feels that this Panax

is not really a Panax but since

the Douglass Creek specimens are relatively well preserved they are
included in the flora and the name Panax andreWS'l'i is retained.
Hypotypes:

U. Mont. P.C. # 844, P.C. #845.

CHAPTER VIII

SUMMARY AND CONCLUSIONS

Plant impressions representing 14 families, 21 genera, and 25
identifiable species, three of which are new, form the basis for this
report.

They come from beds in western Montana that were originally

thought to be lowermost Oligocene (Chadronian) on the basis of verte
brate and invertebrate remains (Konizeski, 1961).

Comparison of these

plant fossils with those of other Tertiary localities and analysis of
their leaf margins indicate an age of middle Oligocene to middle Miocene.
The animal remains were collected from localities some distance from
the plant localities and these beds dip away from the vertebrate beds
toward the plant beds.

These beds could have undergone constant deposi

tion from Eocene through middle Miocene (Pardee, 1913) and so Konizeski's
vertebrates, evidently located near the base of the section, could be
lowermost Oligocene while the plant beds, located seemingly near the top
of the section, could be the middle Oligocene to middle Miocene age
indicated by the plants.

Thus, it is likely that these beds could span

this broad spectrum of Tertiary time.
While this florule is relatively small, it is important in providing
our first source of information about vegetation of this time in western
Montana.
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EXPLANATION OF PLATE I

Figures - All figs. IX.
I-2.

Fossil sites.

3.

Typha sp .................................................. -29
Hototype: U. Mont. P.O. #812

4-5.

Equisetvrn sp
HoZotypes:

. .20
U. Mont. P. C. #814, P. C. #815

6-8.

Ab'Ces tong'irostris K n o w l t o n ............................... 21
Hypotypes: U. Mont, P. C. #829, P. C. #830,
P. C. #831

9.

Cyperaoites cf. l a a u s t r i s ................................. 30
Hototype: U. Mont. P.O. #813

10.

Abies tatioavpa MacGinitie...............
Hypotype: U. Mont. P.O. #828

II-16.

21

Abiesspp.................................................. 22
Holotypes: U. Mont. P.O. #832, P.O. #833,
P.O. #834, P.O. #835, P.O. #861, P.O. #879

17.

Picea tahontensis MacGinitie.....................
Hypotype: U. Mont. P.O. #829

18-21.

Pioea magna MacGinitie ........ . . . .......
Hypotypes: U. Mont. P.O. #836, P.O. #837,
P.O. #838, P.O. #839

22

......

.23

22-23. Pinus wheeteri Cockerell
......................... 25
Hypotypes: U. Mont. P.O. #841, P.O. #840
24-25.
26.

Pinus monticotensis Berry.
.........
Hypotypes: u. Mont. P.O. #842, P.O. #843

. .24

Unidentified Pinus seed
Hototype: U. Mont. P.O. #878

27-28. Pinus ftorissanti Lesquereux . . . . . . . . . ............
Hypotypes: U. Mont. P.O. #867, P.O. #868
29-32. Pinus spp.....................
Hototypes: U. Mont. P.O. #869, P.O. #870
P.O. #871, P.O. #877
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EXPLANATION OF PLATE II

Figures - All figs. IX.
1-3.

........... 27
Sequo'ta aff'inis Lesquereux
Hypotypes: U. Mont. P.O. #855, P.O. #872,
P.O. #876

4,

AZnus helmv'ittens'is sp. nov.
. . . . . . . . . . . . . 31
Hototype: U. Mont. P.O. #851

5-7.

Atnus retata (Knowlton) Brown . . . . . . . . .
Hypotypes: U. Mont. P.O. #854, P.O. #858,
P.O. #859

8.

Fagus dvyommondens'is sp. nov.
Hototype: U. Mont. P.O. #852

9-11, 13, 14.

c ..
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34

Querous c o n s tm itts Newberry
. . . . . . . . . . . . . 33
Hypotypes: U. Mont. P.O. #817, P.O. #818,

P.O. #819, P.O. #820, P.O. #821
12.

Quercus convexa Lesquereux
. . . . . . . . . . . . . 33
Hypotype: U. Mont. P.O. #822
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EXPLANATION OF PLATE III

Figures - All figs. IX,
1.

Querous c o n s im il'ls Newberry .
H ypo type: U, Mont. P.O. #855

.............33

2, 4.

Quercus convexa Lesquereux . o
................. 33
H yp o typ e s: U. Mont. P.O. #823, P.Co #824

3#

HtfTTas s p . a. o.
H o to ty p e :
U= Mont. P.O. #849

5.

Mahonta t - i m ir i v u t i Becker , o
*. o , .
H yp o typ e :
U. Mont. P,C. #873
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H yp o typ e : U. Mont. P.O. #853
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R ih e s a u ra tvm Becker . . . . . . . . . . . . . . . . . . . .
H yp o typ e s: U. Mont. P.O. #846, P.O. #847

39

11.

C eroocarpus m i t t e r t sp. nov,
. . . . . . . . . . . . .
H o to ty p e : U. Mont. P.O. #860

12.

CevQocarpus a n tiq u u s Lesquereux
. o. . . .
H yp o typ e :
U. Mont. P.O. #848

13.

A m e ta n c h ie r so u d d e vi Cockerell
. .. , . . ^
H yp o typ e : U. Monto PC, #816

14-19.

Rosa h t t t i a e Lesquereux = . , . . „ . . ^
.
H yp o typ e s:
U. Mont. P=C. #861, P.C. #862,
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P.C. #863, P.Cr #864, P.C. #865, P.C. #866
20.

A s tro n iw n tm n c a tim (Lesquereux) MacGinitie ... o . .
H ypotype:
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EXPLANATION OF PLATE IV

Figures - All figs. IX.
Acer cf. ftorissant'i Kirchner . . . . . .
Hypotype: U. Mont. P.C. #857

2c

A.oe“^ ep 9 (sein&re) . . . . . . . . . . . . . . . . . . .
Hototype: U. Mont. P.C. #850

3-5.

o.

................ 44

1o

. .. . . 4 5

Ltndera aotoradioa MacGinitie ............... . . . . . . . .
Hypotypes: U. Mont. P.C. #825, P.C. #826,
P.C. #827

6-7. Panax andrewsii Cockerell . . . . . . . . . . . . . . . . . . .
Hypotypes: U. Mont. P.C. #844, P.C. #845
8.

Unidentified Fish scale.
Hototype: U. Mont. P.C. #880
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